LA-UR-18-31433

Approved for public release; distribution is unlimited.

Title:

Author(s):

Intended for:

Issued:

Momentum Users Guide

Moss, Calvin Elroy
Hutchinson, Jesson D.
Nelson, Mark Andrew

Report

2018-12-07

VA

.
s LonLuamos




Disclaimer:
Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by Triad National Security, LLC for the National
Nuclear Security Administration of U.S. Department of Energy under contract 89233218CNA000001. By approving this article, the publisher

recognizes that the U.S. Government retains nonexclusive, royalty-free license to publish or reproduce the published form of this contribution,
or to allow others to do so, for U.S. Government purposes. Los Alamos National Laboratory requests that the publisher identify this article as
work performed under the auspices of the U.S. Department of Energy. Los Alamos National Laboratory strongly supports academic freedom
and a researcher's right to publish; as an institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its

technical correctness.



Momentum Users Guide

Introduction

Momentum is software, written Mark Smith-Nelson, to analyze neutron list-mode data [1]. It contains
some features specific to the MC-15 and NPOD neutron multiplicity counters. The MC-15 (Figure 1)
contains 15 *He tubes and electronics for recording, in list mode, the time and tube number for each
neutron detection. The data depends on many different parameters, including the source material type,
source mass and enrichment, alpha ratio, detection efficiency, and multiplication. If some minimum
number of these parameters is known, then Momentum can be used to calculate the remaining
parameters. For example, if everything is known except the mass and multiplication, then Momentum
can be used to calculate these two parameters. The Momentum calculations are based on the Hage-
Cifarelli analysis [2,3].

Figure 1. MC-15 neutron detector.



Operating Procedure
The main steps are numbered. The steps (in red) are followed by descriptions of the parameters that

can be accessed via the various screens.

Starting Momentum
1) Open the executable program.

All of the analysis and screen shots in this report were done with Momentum Version 0.45.7 (64 bit).
Figure 2 shows the first screen after Momentum is opened.
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Figure 2. First screen after starting Momentum.

Opening Data File
2) For analysis of passive data, use “File” (top left in Figure 2) to locate and open an MC-15 Imx or
NPOD .dat file. For analysis of active data, open the xml file generated by the program
FeynView. The file can also be dragged and dropped in the starting Momentum window (Figure
2).

After opening a passive data file, the Process List Mode Data screen is displayed as shown in
Figure 3. The data here and throughout this report are for the bare BeRP ball (file

2017_01_24 155316.Imx) until the section on other examples near the end of the report. Opening
an active .xml data file will skip the Process List Mode Data screen and go to the screen shown in
Figure 4 because the processing has already been done by the FeynView code.
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Figure 3. Example of Process List Mode Data screen after opening a passive data file for the bare BeRP
ball. The green boxes have been added to refer to parts of the screen in the discussion below. The
notes in red have also been added.

Preparing for Processing
3) Review the information on the Process List Mode Data screen (Figure 3) and correct if needed.
In particular, review the segment event rates, tube counts, bar and radar charts, and Count Rate
plot. The segment event rates should be approximately constant; the tube counts profile should
be symmetric; and the Count Rate history should be constant. Bad segments and tubes should
be unchecked before processing. Using the default Feynman parameters is recommended for
the initial processing.

More information about the various drop-down menus, tabs, entry boxes, displays, etc. in the Process
List Mode Date screen is provided in the following discussion. The parts being discussed are indicated
by green boxes in Figure 3.

Box 1in Figure 3

File
Allows the present data file to be saved as a list mode file (Imx) or Condensed file (cmx).

About
Provides the version number, author, build date, and build time.



Box 2 in Figure 3

Detector Menu
Provides a choice of which detector data is listed in the Tube-Counts box and plotted in the Charts.

Event Filter
Sets the maximum allowed number of tubes with simultaneous detections. This allows rejections of

some background and cosmic events during the processing. The default is 32.

Tube Layout
Controls whether the charts are for the MC-15, nPod, or unspecified.

Segment-Events-Rate Window
For the MC-15 Imx files, the 1,000,000 event segments with rates are displayed. For the NPOD .dat files,

~83,000 event segments with rates are displayed. The user should check that the rates are all similar
and uncheck any segment that appears to be anomalous.

Tube-Counts Window
The number of counts in each tube is displayed. The user should check that the counts as displayed in
the charts are as expected and uncheck any tube that appears to be anomalous.

Box 3 in Figure 3

Bar Chart Tab

A bar plot of the counts in each tube. Note that the front seven tubes are plotted above the middle of
the plot, whereas the other middle six and back two tubes are plotted on an inverted scale below the
middle of the plot. The count profile should be symmetric for most systems. The user should uncheck
in the Tube-Counts window in Box 2 any tube that appears to be anomalous.

Radar Chart Tab
A plot, similar to a polar plot, of the counts in each tube. The user should uncheck in the Tube-Counts
window in Box 2 any tube that appears to be anomalous.

File Diagnostics Tab
Provides the clock speed and channel mask.

Box 4 in Figure 3

Feynman Tab/Gate Width
Sets the gate width for the Feynman binning of the data. This is both the minimum gate width and the
step size. The default value that is initially displayed is recommended for the initial processing.

Feynman Tab/Number of Gates
Sets the number of gates for the Feynman binning. The default value that is initially displayed is
recommended for the initial processing.



Feynman Tab/Longest Gate
This is the product of the (gate width)*(number of gates) and is calculated by the program.

Feynman Tab/Sampling Method
Allows selection of one of four methods for binning the data: Sequential, Incrementing, Random, and
Expanding. Sequential or random is recommended based on a study of these methods [4].

Feynman Tab/Gate Structure
Constant Incrementing is recommended although other choices are available.

Interval Tab
Checking the Create Rossi box will create a Rossi analysis. The Count Rate Interval specifies the interval
to use for the Rossi analysis.

Box 5 in Figure 3

A plot of the count rate history. If the count rate is not constant, unchecked the bad data in Segment-
Events-Rate window and/or the Tube-Counts window, both in Box 2.

Box 6 in Figure 3

Location and filename of the file that has been opened.

Processing the File

4)  Click on the Process File button in Process List Mode Data (right side of Figure 3). This will
create the Feynman histograms and perform the Rossi alpha and time interval distribution
binning for the data with the parameters that have been selected.

5)  Save the results (recommended). A small window will be display that allows the results of the
processing to be saved as .csv, xml, and 2A.log files.

6) Close the Process List Mode Data window (Figure 3). A screen with the results of the processing
will be visible (Figure 4). The format of this screen is similar to the format shown Figure 2 but
now includes the results of the processing.

Note: If an active data xml file was opened in step 2, this screen (Figure 4) will be displayed
without processing in Momentum because the processing was done in FeynView.
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Figure 4. Example of Momentum screen after processing data.
Plots
Plots/Feynman

7) Check for multiplication. If there is multiplication, the Feynman histogram exceeds the Poisson
distribution on the right side of the histogram and Y, > 0. However, note that Y, is often slightly
> 0, even for sources (See Figure 19). Also check for isolated counts on the right side of the plot
that may be due to cosmic-ray spallation. These can be excluded from the analysis with the Gap
Filter setting.

The example in Figure 4 shows clear signs of multiplication. The right side of the Figure 4 shows the gate
width (initially set to the midpoint between the shortest and longest gate widths), reduced factorial
moments, standard moments, and other parameters from the processing. See Reference [5] for
definitions of these parameters.

Plots/Rates

8) Optimize the fits to determine the detector lifetime.
The singles, doubles, triples, and quads are plotted vs. the gate width. Figure 5 in which the “Doubles”
tab has been selected shows an example of Y, vs. the gate width. The right side of Figure 5 shows
information about the fits to the data. The number of detector lifetimes to use in the fit is internally set
to 2. The Fit Offset (index) allows the data near 0 gate width to be not included in the fit, and the
position is indicated by a red dot on the plot. Checking the Find Offset Automatically box is



recommended, but varying the Offset manually might improve the fit is some cases. The Fit # Rates
should be left at 3.
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Plots/Time Interval/Rossi-Alpha
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Figure 6. Screen showing an example of a Rossi-Alpha plot.

Plots/Time Interval/TIA
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Analysis
9) Click on the Analysis tab, and the screen shown in Figure 8 will open.
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Figure 8. Analysis tab screen. The green boxes have been added to refer to parts of the screen in the
discussion below.

Box 1 in Figure 8
10) Select the starter neutrons. These choices are used in the analysis.
Starter Neutrons/Primary Menu

Allows selection of the primary source of starter neutrons: Pu-240, Pu-240 (6%), Cf-252, U-238, or alpha-
n. This information must be known for input to Momentum and might be based on gamma
spectroscopy. For passive data, select one of the five choices. The default is Pu-240 (6%), and this is
appropriate for the bare BeRP ball. For active data, the starter neutrons are the random delayed
neutrons between neutron generator pulses. The alpha-n choice provides random neutrons and is the
best choice in the present version of Momentum.

Starter Neutrons/Secondary Menu

Allows selection of the secondary source. The choices are the same as for the Primary box, and again,
the information must be known for input to Momentum. The default is alpha-n, which is appropriate for
the BeRP ball. Again, alpha-n is the best choice for active data.



Starter Neutrons/Induced Fissioner Menu

Allows the selection of one of four nuclides that can be induced to fission by incident neutrons. The four
nuclides are U-235, U-233, Pu-239, and Np-237. Because the neutron yield from fission depends on the
incident energy of the neutron inducing the fission, five choices (1.00, 1.25, 1.50, 1.75, and 2.00) for the
average incident neutron energy are given for U-235, Pu-239, and Np-237. Some guidance on the choice
is provided by the ratio of the front to back detector counts because the ratio is expected to be smaller
for fast neutrons. The default is Pu-239 (2.00 MeV), which is appropriate for the BeRP ball.

Box 2 in Figure 8

Rates and Uncertainties
These are the singles, doubles, triples, and quadruples determined in the processing of the data.

Box 3 in Figure 8

Gap Filter
Sets the maximum allowed number of consecutive bins with no events until all subsequent events are

ignored in the processing. This allows cosmic ray events that may appear as isolated events on the right
side of the Feynman histogram to be ignored. Figure 4 does not have any such events.

Lifetime
This is the average lifetime of neutrons in the MC-15 detector. The lifetime is calculated in the
Plots/Rates screen (Figure 5).

Count Time
This is the duration time of the measurement read from the Imx file header. It cannot be changed on
this screen.

Box 4 in Figure 8

Calculated Rates
These are the calculated rates from the Fits (Figure 5).

Box 5 in Figure 8

11) This is the main window in the program. Determine what parameters are known and unknown.
Check the heading boxes for the groups of parameters that the program is to calculate. Enter the
known parameter values in the other groups.

The parameters are grouped under the headings Detection, Primary Neutron Source, Multiplication, and
Alpha Ratio. The analysis uses several equations that contain data from these groups. If data are known
for some of these groups, the program will attempt to calculate the results for the others based on the
processed data. Most commonly, if data is known for two of these groups, the program will attempt to
calculate results for the other two based on the processed data. Most often, the leakage multiplication
and the spontaneous fission rate are unknown, and this is the default situation shown in Figure 8. The
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Detection parameters for input here are usually from the SNAP measurements and are discussed below
in Row Ratio/SNAP Il and Row Ratio/Transmission. If data are only known for one group, the program
will use the triples data for the calculation, but the results may have large uncertainties because the
triples usually also have large uncertainties.

Detection

Analysis/Detection Check Box
If this box is checked, the program will calculate the NSS, efficiency, and transmission based on other
entered data. If the box is not checked, values must be entered in NSS or in efficiency and transmission.

Analysis/Detection/NSS

If the neutron source strength (NSS) is known and entered here, the efficiency, calculated rates, and all
other parameters dependent on the source strength are recalculated and displayed in their respective
locations. If NSS is left blank, the efficiency entered in the efficiency box is used to calculate all of the
other parameters dependent on it. The Detection parameters for input here are usually from the SNAP
measurements and are discussed below in Row Ratio/SNAP Il and Row Ratio/Transmission.

Analysis/Detection/efficiency
Efficiency of the MC-15. At 50 cm, this is typically approximately 0.0l for a bare system. The MC-15
efficiency is different than the efficiency of the SNAP discussed below in Row Ratio/Transmission.

Analysis/Detection/transmission
Neutron transmission through any material between the source and the MC-15. This is based on the
SNAP measurements and is discussed below in Row Ratio/SNAP Il and Row/Transmission.

Primary Neutron Source

Analysis/Primary Neutron Source Check Box

If this box is checked, the program will calculate the mass in grams and the fissions/sec based on other
entered data. The default value for the enrichment is 6.00%, but this can be changed manually based on
known information. If the box is not checked, values must be entered for the mass and fissions/sec.

Analysis/Primary Neutron Source/grams
Total mass of the neutron source in grams.

Analysis/Primary Neutron Source/ fissions / sec
Fissions per second in the primary neutron source.

Analysis/Primary Neutron Source/Enrichment
Percentage of primary starter isotope, e.g. 6% Pu240 in Pu. The default value is 6.00% but may be
changed.
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Multiplication

Analysis/Multiplication Check Box
If the box is checked, the program will calculate the leakage and total multiplication, and this is the usual
choice. If the box is not checked, the multiplications must be entered.

Analysis/Multiplication/Leakage
Neutron leakage multiplication for the source.

Analysis/Multiplication/Total
Neutron total multiplication for the source.

Alpha Ratio

Analysis/Alpha Ratio Check Box

If the box is checked, the program will calculate the alpha ratio and the neutrons per second from
(alpha,n) reactions based on other entered data. If the box is not checked, a value for the alpha ratio
should be entered.

Analysis/Alpha Ratio
Ratio of neutron rates from (alpha,n) reactions to the starter neutrons in the source. This ratio should
be zero for a metal source such as the BeRP ball.

Box 6 in Figure 8

Analysis/Best Solutions(s)
This box lists the total multiplication, efficiency, mass of the primary neutron source, the total mass, the
alpha ratio, and the chi squared for the fit to the data for the best solution(s).

Analysis/All Possible Solutions

This box lists the total multiplication, efficiency, mass of the primary neutron source, the total mass, the
alpha ratio, and the chi squared for the fit to the data for all mathematically possible solutions. The chi
square may be smaller for some solutions, but they may be unphysical, e.g., with a negative mass.

Contours

This tab allows the exploration of a range of possible solutions, which may be helpful if the results seem
anomalous. Figure 9 with the Mve tab selected shows a plot of the MC-15 efficiency vs. the total
multiplicity. Figure 10 with the Mvm tab selected shows of the mass vs. the total multiplicity. The
bottom of the screens allows the setting of limits on some of the parameters, selection of which
parameters to hold fixed, the number of rates and lifetimes, and the Fit Offset. After these choices are
made, clicking the Find Solutions button will generate the plots shown in Figures 9 and 10. However,
note that the response may take one or two minutes because of the large number of calculations
required. Clicking on one of the plots with will position horizontal and vertical lines that cross on the
curve to make it easier to read the values on the axes. The lines can be moved by clicking at different
positions on the plots.
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Diagnostics
The singles, doubles, triples, and quadruples for the primary and secondary starter neutrons and for the
induced fissioner are listed.

Row Ratio
12) Select the Row Ratio tab.

Row Ratio/Multiplicity
13) Under the Multiplicity tab, select the detector (Detector 1 or Detector 2) in the menu bar above
the Tube-Counts window and select the Tube Layout. Uncheck any tubes that appear
anomalous.

Figure 11 shows an example of the Multiplicity window and Radar Plot after the detector is selected in
the menu bar above the Tube-Counts window and the Tube Layout is selected. The detector menu bar
allows selection of Detector 1, and also Detector 2 if there are two MC-15 Detectors. The Tube Layout
box allows selection of the MC-15, nPod, or unspecified. The selection controls the list of detectors
displayed, the row ratios, and the radar and bar plots. Unchecking boxes in the list of detectors removes
data for those detectors from the Row Ratio calculations and displays red points or bars for these
detectors in the plots.
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R1 252579379 06 135,285
R2 145696901 07 121356 FF‘W ?ﬂt:m 06
V| 08 211,386 rort / middle = 0.
R3 43943258 - front / back = 0.964
0 20127 iddle / back = 1510
R4 12447407 maes Jpaees
10 231,150 depth = 5.427
YR=176 1 223439 depth™2 = 2.858
12 215,090
Tub: ut
13 202318 M”Cj:“’
oo Fit 14 148790 - b
= 15 145934
5 = 16 0
Lifetime (ps)
446118 ratio thickness  transmis... 4ransmi... -=transmi..
Count Time
300.00 zec
S/M LANL 001 E:\Momentum*2017_01_24_155316 Imux

Figure 11. Screen showing the Tube Counts and Row Ratios in the Multiplicity window and the Radar
Plot.

14) Open the SNAP Ill and Transmission tabs.
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15) Under the SNAP Ill tab, enter the counts and time without and with poly. Also enter the
source to SNAP detector distance (S to D) and the reflector to SNAP detector distance (R to D).
Under the Transmission tab, select the detector (only nPod is available in the present version
of the software) and the moderator Polyethylene (HDPE), PBX-9404, or PBX-9402.

16) Click on the Nss to Analysis button to transfer the Nss and transmission values to the Analysis

screen (Figure 8).

Results under the Row Ratio tab are shown in Figure 12. The transmission = 1 in this example because
the BeRP ball was bare.

File About
Starter Neutrons -
] | Plots | Analysis | Contours | Diagnostics | Row Ratio | Run Description|
Primany
Pu-240 (6%) - Multiplicity | SNAF 11l Radar Plot | Bar Flot | Transmission
Secondary SNAP with ot EFfici
R eeney 19 — 11 — nPod Row Ratio
TriTE 10008 SNAP mod [l A rd === Transmission
) 1.8 . _ 1 = SNAP Row Ratio
Induced Fissioner Time (s) 162 StoDicm) (500 [ V] e fit to nPod
642392, 00 M Court Rate 61.78 17 A 10g
k. RtoD(cm) (260 |2
Rates | Uncent| [ SNAP with paly 16 0.8 Detector [nPod =]
Efficiency  0.0262 % Moderator | P HDE +
R1 852579379 Cots 10008 . 15 07 - ‘oderstor [Pobeiiyiene
R2  1.456.96901 Tme ) 197 NSS 235,373 & 14 —lo6 &
R3 4394325 Court Rate 50.8020% g | . A
R4 12447407 134 y 05 =
YB=176 12 ) 0.4
1.1 0.3
Gap Fitter 1 / 0.2
5 = AN
Row Ratio 12161 +0.0172 0.9 01
Lifetime (ps) 01 2 3 4 5 6
4461 m ratio thickness  transmis... 4ransmi.. +ransmi.. - i
' 125 0 1 099312 100638 EEES L
Count Time
300.00 sec 4| LLLJ | +
S/N LANL 001 E:\Momentum*2017_01_24_155316.Imx

Figure 12. Screen showing the SNAP and transmission data.

The use of SNAP data to determine NSS and the transmission depends on previous calibration of the
SNAP. The Momentum software contains a table of the SNAP efficiency as a function of the source to
detector distance and the reflector (usually the floor) to detector distance. This is used to calculate the
NSS with the following equation.

c? 1
NSS = A x
Tsnap  Esnap

NSS = neutrons per second emitted from the surface of the special nuclear material (SNM) if there is no
shielding around the SNM. If there is shielding around the SNM, it is the neutrons per second emitted
from the surface of the shielding.
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COy 4p = SNAP Counts with no poly on the SNAP
T 4p = SNAP Time (s) with no poly on the SNAP
esnap = SNAP efficiency interpolated in the SNAP lookup table

The SNAP ratio of the counting rate without and with poly on the SNAP as a function of the thickness of
the thickness of the moderator (shielding) around the SNM has also been calibrated. This calibration
curve is the green curve shown under the Transmission tab and is labeled as SNAP Row Ratio in the
legend. The software uses this curve to determine the moderator thickness. In Figure 12, this is zero
because the BeRP ball is bare. Then the software uses the red curve, which is the transmission as a
function of moderator thickness, to determine the transmission. In Figure 12, again this is 1.00 because
the BeRP ball is bare. Note that the moderator thickness might be known from a radiograph. Then the
transmission could be read from the red curve and manually entered in the Analysis screen (Figure 8).

The MC-15 efficiency in the Analysis screen (Figure 8) is different than the SNAP efficiency. Pushing the
Nss to Analysis button only transfers the NSS and transmission to the Analysis screen. The software uses
the following equation to calculate the MC-15 efficiency.

Rl MC-15

EMc-15 = NSS Xy

Eyc—1s = fraction of the number of neutron per second being generated by fission, (a,n) reactions, etc.
and emitted from the surface of the SNM that are detected by the MC-15

R1{ mc—15 = Singles counting rate in the MC-15

NSS = neutrons per second emitted from the surface of the special nuclear material (SNM) if there is no
shielding around the SNM. If there is shielding around the SNM, it is the neutrons per second emitted
from the surface of the shielding.

= transmission through any moderator (shielding)around the SNM. If there is no moderator,
Y = 1.00.
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Run Description

Detailed information about the run from the .Imx file is shown (Figure 13).

File About
Starter Neutrons

o

=

El

[

=
4

Pu-240 (6%)
Secondary

Induced Fissioner

Pu-239 (2.00 MV, ~+

i

Rates | Uncert| *

R1 852579379
R2 1456965901
R3 43943258
R4 12447407
WR=176

Gap Fitter

5 “
Lifetime (ps)

4467 s
Count Time

300.00 sec

S/N LANL 001

| Plots I Analysis I Cortours | Diagnostics I Row Ratio | Run Description

HighVoltage Set Paint
High'oltage Actual
TemperatureCPU
TemperatureLCD
Temperatureintemal
Humiditylrtemal
BarometerElevation

RowRatio(1/2)
RowRatio(1./3)

Run Description

Instrument Type : Neutron Multiplicity
Instrument Mode! : MC-15

SerialNumber : 5/N LANL 001
HardwareVersion : MBE-E17P

Firmware Version :f2al0720

CCodeVersion : 28000915

LCDVersion :168C

Measurement|D - 2017 01_24 155316
Measurement Description :BAREBERP. SD =50
Measurement Sample c1of2
MeasurementMode : Single

FrontPanelConfig : Together E
AnalysisChannels : 0000 7FFF

DateStart 1 207401-24 [£]

TimeStart : 15:53:16 [£]

DurationReal Time 1300 [s]

IntemalScaler : 2657755

FifoLostCourts :0

AverageCountRate : 8525.85 [counts/s]

Distance DetFace ToSource - 50.0 [cm]
DistanceDetCenterToFoor ;9.0 [cm]
: 1680 V]

1683 [V]
273
146 [C]

:0m]

FirmwareChannel Deadtime : 256 [ns]

+ | Instrument Model MC-15 hd

Instrument Serial Number

E\Momentum*2017_01_24_155316 Imx

Figure 13. Example of the Run Description data.
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Results
17) View the results in the updated Analysis screen (Figure 14).

File About
Starter Neutrons -
| Plots | Analysis |Corrtours Diagnostics | Row Ratio | Fun Description|
Primary
Pu-240 (6%) - Detection Primany Meutron Source
Secondary [[] Nss 1,024,160 — grams
- |
ey 000824 136,412.44892 fissions / sec
Induced Fissioner transmission 11,00 = Evichment (500 ra
Pu-235 (2.00 MeV, ~
kilication
Total Mass  4,660.338 grams
Rates | Ungert| 4 | * Calculated Rates Ledans St )
Alpha Ratio
R1 852579379 R1 852579379 Total 477695 [ |0.00 =
R2 145696901 R2 145696901
e R3 45153180
R4 12447407 : By
Yh=176 @ AR MT =i Pu-240 {g) Total Mass Apha Chiz
4777 0.008 27962 4,660.39 0.000 36.964
Gap Fitter
5 = Al Possible Solutions
Lifetime (ps) MT Eff Pu-240 (g) Total Mass Alpha Chi2
4461 s 0.000 0.008 -329.52 549207 0.000 445164
Count Time 4777 0.008 27962 466039 0.000 36964
300.00 sec
S/N LANL 001 E:\Momentum“2017_01_24_155316 Imx

Figure 14. Final Analysis screen with results.

The leakage and total multiplication, mass of the fissioning isotope, fission/sec, and total mass were
determined. These are most often the parameters to be determined by analysis with Momentum. The
Total Mass of 4.66 kg is close to the known mass of 4.5 kg for the BeRP ball.
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Examples

Passive Measurement of Bare BeRP Ball

The previous detailed discussion in this manual used the bare BeRP ball as an example. Three key
figures, Figures 15, 16, and 17 below, are repeated here to provide a short summary of the analysis for

this example.

File About
Starter Neutrons
Primary

Pu-240 (6%) -

Secondany

alphan -

Induced Fissioner

Pu-239 (2.00 MeV, =
Rates | Uncert| * | *

R1 852579502
RZ  1.457.00326
R3 43950269
R4 12523399
YB=1T77

Gap Fitter

5 -
Lifetime (ps)

4462 15
Court Time

300.00 sec

S/N LANL D01

Plots |Ana|}'sis I Contours I Diagnostics I Row Ratio I Run Description|

Feynman | Rates | Time Interval

J .
J

Poisson

3 Dats

1.027 ps

gate width

rate

counts

number of cycles
measurement time

reduced factorial momerts

ml
m2
m3
mé

standard moments

85
c2
c3
c4

Y2
Y3
Y4
fm

Y¥

1,027.97 ps
852577 cps
2557672
291,831

299.99 seconds

8.764223 2 0.006313
39.839616 + 0.053646
125.184621 £ 0.311413
305.744038 = 1.152466

8.764223 + 0.006313
88.443455 + 0.125396
998.909643 = 2 729957
12411.023305 £ 40.340355

1334.802708 £ 15.326433
407.947433 £ 33.198384
136.023282 = 66.118147

0327197
0.163598
0.047345

E\Momentum*2017_01_24_155316 Imx

Figure 15. Screen after the BeRP ball data is processed.
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Starter Neutrons N
) | Plots I Analysis I Contours I Diagnostics | Row Ratio | Run Description|
Primary
Pu-240 (&%) hd Multiplicity | SMAP Il Fadar Plot | Ear Plot | Transmission
ooy SNAP with out Effici
e eeney 1.9 1.1 —— nPod Row Ratio
Counts 10008 SNAP mod Il - A === Transmission
) 184 kY 1 1 —— SNAP Row Ratio
Induced Fissioner Time () 162 StoDfcm) [1000 1= '-.‘ — fit to nPod
G20 (2 M Count Rate 61.78 17 7 09
Rto D (em) [107.0}2
SNAP with poly 16 ——% 0.8 Detector [nPod v
Efficiency  0.0055 % / Y Moderat -
R1 852579379 Counts  1pg08 o 15T 0.7 = dehor | Entmintenn il
R2  1,456.96901 Tmel) 137 NSS 1,034,160 %“ 14l L =16 8
S Court Rate 50,8020 g V| K g
R4 12447407 134 T 05 S
LEE 124/ 04
1144 03
Gap Fitter 1 I 0.2
5 z . A
Row Ratio 12161 +0.0172 0.9 01
Lifetime (us) 01 2 3 4 5 6
44618 ratio thickness  transmis... 4ransmi.. #ransmi., —_— i}
' 125 0 1 099312 1.00688 ickness ()
Court Time
300.00 sec 4 | n |
5/N LANL 001 E:\Momentum"2017_01_24_155316 Imx
Figure 16. Row Ratio screen showing BeRP ball SNAP parameters.
File About
Starter Neutrons -
| Plots | Analysis |Corrtours | Diagnostics | Row Ratio | Run Description|
Primary
Pu-240 (6%) - Detection Primany Meutron Source
Secondary [[] Nss 1,034,160 — arams
-
sy 000824 136,412.44892 fissions / sec
; transmission 1.00 =
Induced Fissioner = Enrichmentt [6.00 = %
Pu-239 (2.00 MV, =
T
Total Mass  4,660.388 grams
Rates | Uncet|*|® | | Calculated Rates L=t St .
Alpha Ratio
R1 852579379 R1 852579379 Total 477655 [ |0.00 =
R2  1.456.56301 R2 145696901
e R3 45153180
R4 12447407 : Eee o]
YB=176 @ |TAERY MT B Pu-240 ig) Total Mass Hpha Chiz
4777 0.008 279,62 4,660.39 0.000 36.964
Gap Fitter
5 = All Possible Solutions
Lifetime (us) MT =i Pu-240 (g) Total Mass Apha Chi2
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S/N LANL 001 E:\Momentum2017_01_24_155316Imx

Figure 17. Final Analysis screen showing the BeRP ball results.
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Passive Measurement of 252Cf inside HDPE Shells

Figure 18 shows the screen after the .Imx file is opened. All of the segment events the tube counts look
normal. The count rates in the front and middle tubes are almost equal, which means that the number
of slow neutrons and fast neutrons are almost equal. The count rate is stable with time.

Process List Mode Data EI@

File  Set Parameters About

Process | View Seaments | Plats
it time 0.00
EEZEusr:ren:d 1|I]n4;?15 e [Detedoﬂ v] Bar Chart | Radar Chart I File Diagnostics Feynman | nterval
Eventfiter [32 13 Tbelavedt [MCA5 - 300.000 Gate Widkh s) (40 [
Segment Events Rate| | Tube Counts - Mumber of Gates 312 =
1 1,000,000 8,064 .57 01 216,310 180.000+ Longest Gate (s) 2048
2 1,000,000 8,043 5¢ 02 253,564
3 1,000,000 8,044 3 03 280,880 | 60,000 fﬂamhpligg
4 1,000,000 8,042 8¢ 04 293,064 3 i
5 1,000,000 8,047 24 05 285,599 Gate
& 1,000,000 8068.8] [ 06 265279 60.000 Srucnre (BTN
7 1,000,000 8.052.1¢ o7 227583
3 243281 8,042 07 08 2275953
05 252398 180,000+
10 27341
11 275527 i 300,000
1 LLLJ b | Channel Mask B<FFFFFFFF Process File
_ 10.000.00
2  s.o0000
s 6.000.00
n.é 4.000.00
z 2.000.00
© 0.00
0.0 200.0 400.0 600.0 800.0
Time (sec)

E:\Momentum“Moderated Cf-252°2018_07_26_ 150615 Imx.

252

Figure 18. First screen after the “>“Cf .Imx file is opened.

Figure 19 shows the screen after the file has been processed and the starter neutrons selected. The
selection of the induced fissioner does not affect the final multiplication and mass. The fact that the
Feynman histogram closely follows the Poisson distribution means that there is little multiplication.

Figure 20 shows the fit to the doubles to determine the detector lifetime. The fit is good with two
lifetimes and an offset of zero.

Figure 21 shows the Row Ratio screen after the SNAP data has been entered and the moderator has
been selected.

Figure 22 shows the final results. The mass is 134 ng of *’Cf, and the multiplication is 1.00 as expected.
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c4 8909.453345 + 14.587492

Y2 277.342576 = 6.531030
Y3 5496223 + 11.318436

Y4 1222054 + 17.081068
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Figure 19. Screen after the
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Cf file has been processed and the starter neutrons selected.
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Secondary = Dioubl = Detector Lifetime ~ 29.040202 ps
— - | Singles | oubles |Tnp|es | Quad5| Lfetime  63.56645 1
dphan -] Lifetime  29.040202 ps
300 — Data fraction  0.726459
Induced Fissioner — Fit (14)E(») +fE(»)
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R4  0.00000
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55 0 500 1000 1500 2000 ) =
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Force Double Lifetime | Fit Offset ndex) |0
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252

Figure 20. Screen showing the fit to the

Cf doubles to determine the detector lifetime.
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/B~ 0.56 may 12 1 04
suggest : kY .
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. . 252
Figure 21. Screen showing the “°Cf SNAP parameters.
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E\Momentum*Moderated Cf-25242018_07_26_150615Imx

Figure 22. Screen showing the
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Active Measurement of MARVEL HEU disks with 2 MC-15s

The data were first analyzed with the code Feynman to select data between the neutron generator
pulses and create a .xml file. Figure 23 shows the first screen after the .xml file from generated by the
Feynman code was opened in Momentum and the correct Starter Neutrons for an active measurement
were entered. The fact that the Feynman histogram is higher than the Poisson distribution on the right
in Figure 23 indicates multiplication. Figure 24 shows the Row Ratio screen after the SNAP data has
been entered and the Moderator has been selected. Figure 25 shows the final Analysis with the results.
The calculated total multiplication is 3.42. Simulations gave 3.03, which might be low because
reflections in the present setup from the neutron generator, support platform, floor, and MC-15s were

not included.
File About
Starter Neutrons
) Plots | Analysis I Cortours I Diagnostics I Row Ratio | Run Description |
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Forman |t [T s
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Figure 23. First screen after the MARVEL .xml file is opened.
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Figure 24. Row Ratio screen showing the MARVEL SNAP parameters.
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Figure 25. Final Analysis screen showing the MARVEL results.
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